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TO THE EDITOR
The vanilloid receptor-1 (or transient
receptor potential-1, TRPV1) is a Ca2þ -
permeable cation channel that be
stimulated by capsaicin, the pungent
ingredient of chili peppers (Caterina
et al., 1997; Szallasi and Blumberg,
1999). TRPV1 was first described on
capsaicin-sensitive nociceptive neurons
that respond to various painful stimuli
(Di Marzo et al., 2002). Therefore,
TRPV1 is recognized as a central
integrator of noxious stimuli (Tominaga
et al., 1998).
There is increasing appreciation,
however, that functions of TRPV1 sig-
naling extend far beyond the sensory
nervous system (Bı´ro´ et al., 1998a, b;
Veronesi et al., 1999; Birder et al.,
2001). In the skin, human epidermal
and hair follicle keratinocytes, mast
cells, and Langerhans cells are promi-
nently positive for TRPV1 (Denda et al.,
2001; Inoue et al., 2002; Sta¨nder et al.,
2004; Bodo´ et al., 2004, 2005) and
TRPV1 agonists have been shown to
modulate mast cell (Bı´ro´ et al., 1998b)
and keratinocyte functions (Inoue et al.,
2002; Southall et al., 2003). In addition,
we have recently provided the first
evidence that TRPV1 signaling is
indeed physiologically important in
normal human skin in situ, by present-
ing that TRPV1 activation promotes hair
follicle regression (catagen) and hair
matrix keratinocyte apoptosis, whereas
it inhibits hair matrix keratinocyte
proliferation and retards hair shaft
elongation in vitro (Bodo´ et al., 2005).
Given the unsurpassed instructive-
ness of mouse models for hair research
(Nakamura et al., 2001; Stenn and
Paus, 2001), we now wish to examine
whether (1) the expression of TRPV1
changes during the murine hair cycle
and (2) the deletion of functional
TRPV1 has any effect on hair follicle
cycling in vivo.
A tissue bank was prepared from
adolescent back skin of female C57BL/6
mice in which hair follicle cycling had
been induced by depilation (Paus et al.,
1994, Maurer et al., 1997; Mu¨ller-
Ro¨ver et al., 2001). This was used for
immunohistological detection of hair
cycle-associated differences in TRPV1
expression. The functional role of
TRPV1 signaling was addressed by
quantitative histomorphometry of spon-
taneous, experimentally unmanipulated
hair follicle cycling during the first
murine hair cycle (P19–P45), compar-
ing TRPV1 knockout B6.129S4-Trpv1
mice (Jackson Laboratory, Bar Harbor,
MA) and their age-matched littermates.
Cryostat sections of back skin (at least
three animals each per time point)
processed for histology; hematoxylin–
eosin-stained sections were counted
and hair follicles were morphologically
assigned to their respective hair cycle
stages.
For the detection of TRPV1 immuno-
reactivity, the tyramide-amplification
(TSA, Ito et al., 2004) and a peroxi-
dase-based ABC technique (Paus et al.,
1998) were performed. Sections were
first incubated with a primary rabbit
anti-TRPV1 antibody (H-150, sc-20813;
Santa Cruz BT, Santa Cruz, CA) (1:500
in TNB buffer for TSA, Perkin Elmer,
Boston, MA and 1:50 in TBS for ABC),
with biotinylated multilink swine
anti-goat/mouse/rabbit IgG (DAKO,
Glostrup, Denmark, 1:200 in TNB),
and then by a streptavidin–horseradish
peroxidase (1:100 in TNB for TSA;
avidin–biotin peroxidase for ABC,
Linaris, Wertheim, Germany). Finally,
we applied fluorescein isothiocyanate-
tyramide (1:50 in Amplification Dilu-
ent, TSA kit), or diamino-benzidine
(Linaris), respectively and then sections
were counterstained. The employed
positive (mouse spinal cord) and nega-
tive controls (the primary antibody was
omitted or sections were preincubated
with a specific blocking peptide; spinal
cord and skin of Trpv-1/ mice)
unambiguously argued the specificity
and sensitivity of the immunoreactivity
patterns. (Note that the TRPV1 positi-
vity on sebaceous glands is a false-
positive result as negative controls as
well as sebaceous gland of Trpv-1/
mice skin showed immunosignals.) The
study was approved by the Institutional
Research Ethics Committee.
Similar to human epidermis, adole-
scent wild-type C57BL/6 mouse skin
showed strong TRPV1 immunreactivity
(IR) on (mostly basal) epidermal kerati-
nocytes (Figure 1a). In addition, also
similarly to our previous human data, in
the hair follicle, TRPV1-IR was exclu-
sively restricted to the epithelial com-
partments (note the TRPV1-negativity of
the dermal papilla during all hair cycle
phases). Analysis of depilation-induced
hair follicle cycling in these mice,
however, revealed discrete, but impor-
tant and statistically significant changes
in the observed specific IR patterns
corresponding to TRPV1 protein ex-
pression (Figure 1a–q).
Intriguingly, the strongest IR signal
was detected on keratinocytes of the
epithelial strand of the regressing cata-
gen follicle (Figure 1o–p) and of the
secondary hair germ of telogen hair
follicles (Figure 1c, d, m and n). With
the exception of an asymmetric, disc-
like region in the anagen VI hair matrix
(Figure 1i and k), the most highly
proliferating cell populations in the hair
follicle epithelium showed a slightly
reduced intensity of TRPV1-IR (Figure
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Abbreviations: IR, immunoreactivity; TRPV1, receptor potential-1
1i-l). The inner root sheath and the
distal, precortical hair matrix also
showed only strongly reduced TRPV1-
IR (Figure 1b, e–l).
As TRPV1 activation by capsaicin
caused hair follicle regression (anagen–-
catagen transition) in human hair
follicle organ culture (Bodo´ et al.,
2005), spontaneous hair follicle-cycling
was compared between age-matched
TRPV1 wild-type and knockout mice
by quantitative histomorphometry. The
skin of Trpv-1/ mice showed no
obvious macroscopic or microscopic
abnormalities compared to age-
matched wild-type control. However,
on day 19, Trpv-1/ mice exhibited a
significant delay in the first spontaneous
transition of their hair follicles from
morphogenesis stage 8 (which is often
confused with ‘‘the first anagen’’, see
Paus et al., 1999) compared to wild-
type littermates (Figure 2). This catagen
retardation was independently con-
firmed by cumulative hair cycle score
(Maurer et al., 1997; Peters et al., 2004)
(383716 vs 267726 in wild-type and
Trpv-1/ mice, respectively; mean7
SEM, Po0.05). Likewise, subsequent
telogen development (P25) was slightly
but significantly retarded (hair scores of
44979 vs 41273 in wild-type and
Trpv-1/ mice, respectively; mean7
SEM, Po0.05) in the absence of func-
tional TRPV1 signaling (Figure 2). In-
stead, the first spontaneous anagen
development (Figure 2, P32) and sub-
sequent hair follicle cycling (Figure 2,
P45) were not significantly different
between Trpv-1-competent and -defi-
cient mice. This suggests that, in murine
back skin pelage hair follicles, TRPV1-
mediated signaling is important for
modulating the transition from the final
stages of hair follicle morphogenesis to
that of cycling skin appendage, whereas
signaling via this receptor looses func-
tional importance once hair follicle
cycling has been initiated.
In summary, we present here the first
evidence that, very similar to human
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Figure 1. TRPV1 expression throughout the murine hair follicle cycle. (a) TRPV1-IR on (mostly basal) epidermal keratinocytes. (epi: epidermis) (b) Strong
TRPV1-IR on outer root sheath (ORS) keratinocytes, but lack of expression on inner root sheath (IRS) keratinocytes and hair shaft of mature anagen follicles.
(c–p) TRPV1-IR during depilation-induced hair cycle: (c,d and m,n) Telogen follicles: the most intensive TRPV1 signal was found on the secondary hair germ
(SHG). No TRPV1-IR on dermal papilla (DP). Note that the TRPV1-IR of sebaceous glands (SG) is a non-specific signal. (e,f) Early anagen follicles: most intensive
TRPV1 expression on ORS, moderate reactivity on IRS. (g,h) Mid-anagen follicles, (i–l) Late-anagen follicles: TRPV1-IR on ORS and on the asymmetric,
disc-shaped field of matrix keratinocytes (MK). (o,p) Strongest IR on keratinocytes of the epithelial strand (ES) of the regressing catagen follicle. (q) Schematic
illustration of TRPV1-IR during the cycle. (a, d, f, h, j, l, n, p) Peroxidase-based ABC method with DAB substrate; (b, c, e, g, i, k, m, o) TSA technique with
fluorescein isothiocyanate labeling.
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skin, murine skin expresses TRPV1 well
outside of sensory nerves, namely in
defined epithelial regions of the epider-
mis and hair follicle. The reported
murine hair cycle analyses not only
reveal hair cycle-dependent differences
in the expression of TRPV1, but – by
showing that the absence of TRPV1 is
associated with a subtle yet significant
delay in the spontaneous involution
of hair follicles (catagen-telogen
transition) – might also argue for that
these receptors are indeed functional.
Although one can also assume that the
lack of TRPV1 in other cell types (i.e.,
besides keratinocytes) might also con-
tribute to the observed hair cycle
changes, the presented novel results
(besides supporting our previous find-
ings in human hair follicles, Bodo´ et al.,
2005) suggest that TRPV1 exerts much
more widespread functions in mamma-
lian skin and hair follicle biology than
previously thought, which extend
across species barriers and may include
the inhibition of hair follicle keratino-
cyte proliferation.
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TO THE EDITOR
Epidermolysis bullosa simplex (EBS) is
the most common subtype, accounting
for one-half of all epidermolysis bullosa
cases (Pfendner et al., 2005). It is
clinically characterized by nonscarring
blisters of the skin caused by little or no
trauma, and morphologically by intra-
epidermal blistering. The major subtypes
of EBS result from mutations in either
the keratin 5 (KRT5) or keratin 14
(KRT14) gene, whereas mutations in
the gene for plectin (PLEC1) cause the
rare forms, EBS with muscular dystro-
phy and EBS Ogna. The clinical spec-
trum of EBS ranges from mild blistering
of the hands and feet (EBS Weber–Cock-
ayne) to more generalized blistering
(EBS Koebner, EBS Dowling-Meara, and
EBS with mottled pigmentation). EBS,
similarly to most of the keratin disorders
identified in humans, is caused by domi-
nant missense mutations; however, pa-
tients with recessive EBS due to keratin
mutations have been reported, repre-
senting about 5% of all EBS mutations
(Porter and Lane, 2003).
In this study, we investigated two
unrelated patients with severe neonatal
blistering, both offspring of consangui-
neous, unaffected parents of Turkish
(patient 1), respectively German (pa-
tient 2) origin. Indirect immunofluores-
cence (IIF) of the skin cryosections was
performed as described (Hammami-
Hauasli et al., 1998) with monoclonal
antibodies anti-human keratin 5 (clone
D5/16 B4, Dako, Hamburg, Germany)
and keratin 14 (clone LL002, BioGenex,
San Ramon, CA). Genomic DNA was
extracted from peripheral blood sam-
ples collected from patients and their
unaffected parents using the Qiagen
Blood DNA Kit (Qiagen, Hilden, Ger-
many). Long-range polymerase chain
reaction amplification of the KRT14
gene was performed as described
(Wood et al., 2003) and direct sequen-
cing in both directions was performed,
using primers as published by Schui-
lenga-Hut et al. (2003) and an ABI
prism 3100 automated sequencer (ABI,
Darmstadt, Germany). The study was
conducted according to the Declaration
of Helsinki Principles, and the partici-
pants gave their written informed con-
sent. The medical committee of the
University of Freiburg approved all
described studies.
Patient 1, a 2-year-old boy, showed
blistering predominantly on hands and
feet since birth (Figure 1a). In the course
of the disease, bullae became rarer,
occurred mechanically induced also
on the head and trunk and healed with-
out scarring. Patient 2, aged 1 year,
showed at birth extensive blistering of
the hands and feet (Figure 1b) and suf-
fered from congenital pneumonia. OralAbbreviations: EBS, epidermolysis bullosa simplex; IIF, indirect Immunofluorescence; KRT, keratin
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